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Description 

This invention relates to a process o1 and apparatus 
lor torming thin films of metallic compounds by means 
of a sputtering technique. 

Sputtering processes are widely known for the pro- 
duction of thin films of metals and metallic compounds 
such as metal oxides in which the targets of these ma- 
terials are sputtered until their films are formed by dep- 
osition to a desired order ol thickness. The rate of dep- 
osition of metallic compounds is generally inferior by 
comparison to metals per se. The same is true even with 
a metal target il oxygen is used in a reactive sputtering 
atmosphere, resulting in the formation of a metallic ox- 
ide film, with a further drawback in that the rate of dep- 
osition decreases as the amount of oxygen increases. 

Metallic compound films as produced by sputtering 
or vacuum deposition are often depleted of their constit- 
uent elements as in Ihe case for example ol a Si0 2 tar- 
get which ends up with a film composition SiOx(x<2). 
The depletion of oxygen in such a case may be coun- 
tered by the addition of a mixture of argon (Ar) and ox- 
ygen (0 2 ) gases, but at the sacrifice of a reduction in 
the rate of film deposition by about one half to one-third. 

The present inventors have previously proposed 
(as disclosed in Japanese Laid-Open Patent Publication 
No. 62-284076} a process in which an ultra-thin film is 
sputtered from a titanium or like metal onto a substrate 
and the resultant film is subjected to irradiation of an ion 
beam of oxygen or like reactive gas so as to transform 
into that of a titanium oxide or like metallic compound, 
these process sleps being repeatedly carried out to 
achieve a desired film thickness. It has been later found, 
however, that the use ol an ion bombarding gun involves 
a number of equipment components such as filaments, 
screen electrode, suppressor electrode and the like, not 
to speak of the necessity of replacing worn filaments, 
accompanied by pollution of a vacuum chamber, in- 
creased power requirement, undue temperature rise 
due to the use of neutralizers and other associated prob- 
lems. 

Japanese Laid-Open Patent Publication No. 
4-4967 discloses a similar process and apparatus in 
which a sputtering electrode is combined with an ion 
gun. This prior system has a drawback in that the ion 
source is susceptible to the influence of arcing at the 
side of the sputter source as both sources are electri- 
cally coupled, and further in that a plurality of high vac- 
uum pumps are required, leading to upsized and com- 
plicated equipment layout. 

Furthermore, EP 428 358 discloses a method and 
an apparatus where a layer, of sputtered metal is con- 
verted into an oxide in a reactive plasma, the two steps 
being alternated repeatedly by way ol a rotating sub- 
strate holder. However, there is no effective isolation be- 
tween the film-forming and plasma exposure zones. 

With the loregoing drawbacks of the prior art in view, 
the present invention seeks to provide an improved 



process of and apparatus for forming ultra-thin films of 
metallic compounds at high rate of yields and with stable 
quality. 

More specifically, the invention provides a process 
s of forming films of metallic compounds which comprises 
a first step of sputtering a metal or a metallic compound 
target to form an ultra-thin film over a substrate in a film- 
forming zone and a second step of transforming said 
ultra-thin film of metal into that of a metallic compound 
10 by exposure to plasma of a reactive gas in a plasma 
exposure zone, wherein the film-forming zone is shield- 
ed against entry of reactive gas from the plasma expo- 
sure zone, the plasma exposure zone is shielded 
against entry of sputtering gas from the film-forming 
15 zone : and said first and second steps are alternated re- 
peatedly until the resultant film is finished to a desired 
thickness. 

The process of the invention is carried into practice 
by an apparatus for forming films of metallic compounds 

20 which comprises a vacuum tank, a substrate holder ro- 
tatably mounted therein, a sputtering electrode means 
carrying a metal or metallic compound target thereon 
and defining a film-forming zone for forming a sputtered 
ultra-thin film over a substrate and an induction coupled 

25 plasma generator generating a reactive gas plasma and 
defining a plasma exposure zone to which said sput- 
tered ultra-thin film is exposed, there being provided a 
shield, which surrounds laterally the target and extends 
from the target into close proximity to the rotating sub- 

30 strate holder for preventing the reactive gas Irom enter- 
ing into the film-forming zone, and another shield, which 
surrounds laterally the generated reactive gas plasma 
and extends into close proximity to the rotatable sub- 
strate holder for preventing sputtering gas from entering 

35 said gas exposure zone. 

Figure 1 is a partially cross-sectional plan view 
schematically illustrating an apparatus employed to car- 
ry the process of the invention into practice. 

Figure 2 is a cross-sectional view taken along the 

40 lines I, II and III of Figure 1. 

The term "ultra-thin film' as used herein denotes a 
significantly thin individual film or lamina (for example 
of the order of 1 -6 angstroms) formed during each cycle 
of the inventive process in contract to or as distinct from 

45 a final product film resulting from superimposition of 
such individual films. 

The term "reactive gas" as used herein includes an 
oxidative gas such as oxygen, ozone and N 2 0, a nitra- 
tive gas such as nitrogen and a carbonative gas such 

50 as acetylene. 

Referring now to the drawings, there is shown a 
film-forming apparatus 1 0 embodying the invention. The 
apparatus 10 comprises a vacuum tank 11, a substan- 
tially cylindrical substrate holder 12 rotatably mounted 

55 in the vacuum tank 11 , a pair of sputtering electrodes 
1 3,14 disposed in conlronting relation to each other di- 
ammetrically across the holder 1 2 and an inductive cou- 
pling type plasma generator or plasma source 1 5 includ- 
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ing RF (high frequency) discharge chamber 16 in the 
form of a quartz tube having RF coils 17 wound thereon 
which are energized from a high frequency power 
source 18 through a matching box 19. Each of the sput- 
tering electrodes 1 3 ; 1 4 defines at its inner surface a film- 
forming zone 1 3',(14') which is surrounded by a shield- 
ing member 20,(21) and which creates therein control- 
led sputtering atmosphere upon supply of a sputtering 
gas such as argon from a sputtering gas supply bottle 
22 : (23) through a massflow meter 24,(25). There are 
shown in Figure 1 two sputtering electrodes 13,14 for 
purposes of illustration and in consideration of the case 
where two different target materials are used. 

Target materials eligible for the purpose of the in- 
vention exemplarily include aluminum, titanium, zirconi- 
um, niobium, tin, chromium, tantalum, iron, silicon, tel- 
lurium, nickel-chrome and indium-tin alloys, of which sil- 
icon, titanium and zirconium are particularly preferred. 

For purposes of illustration, silicon (Si) is used as a 
target 26 attached on one sputtering electrode 13 and 
titanium (Ti) as a target 27 on the other sputtering elec- 
trode 14. Argon gas is introduced from the sputtering 
gas bottle 22, and the sputtering electrode 13 is ener- 
gized with power from a power source 28 whereupon 
the silicon target 26 is sputtered to form an ultra-thin film 
of silicon upon a substrate (not shown) supported on the 
holder 12 rotating with power from a drive motor 29 (Fig- 
ure 2). The Si film thus formed is then exposed to a plas- 
ma of oxygen gas introduced from a reactive gas supply 
bottle 32 through a massflow meter 33 and generated 
at a plasma exposure zone 30 defined in communication 
with the RF discharge chamber 16 and surrounded by 
a shielding member 31. 

The reactive gas atmosphere at the plasma expo- 
sure zone 30 may be also controlled by establishing a 
magnetic field in close proximity to the plasma source 
15 thereby to vary and regulate the plasma density. 

Upon exposure to the oxygen gas plasma, the Si 
sputtered ultra-thin film on the substrate is oxidized and 
transformed intoa film of Si0 2 . With the substrate holder 
12 held in rotation, the cycle of alternate sputtering and 
plasma exposure modes of operation is repeated as 
many times as is required to achieve a desired cumula- 
tive thickness of the final product film. The process of 
the invention is also directed to the sputtering of a silicon 
oxide (Si0 2 ) film, in which instance the flow of oxygen 
gas from the supply bottle 32 can be regulated via mass- 
flow meter 33 to replenish its level in the RF discharge 
chamber 16 to make up for the loss or depletion of ox- 
ygen (SiOx<2) incurred during sputteringthereby ensur- 
ing stable Si0 2 film formation. 

The other sputtering electrode 14 carrying a zirco- 
nium (Zr) target 27 is energized with power from a power 
source 34 to effect the formation of a Zr sputtered ultra- 
thin film on the substrate, followed by exposure of the 
film to a reactive gas plasma. The cycle of this operation 
is repeated in a manner similar to the Si0 2 film formation 
already described. The target material on the electrode 




9 874 B1 4 

14 may be other metals or oxides thereof such as tita- 
nium or titanium oxide. 

The above sputtering and plasma exposure opera- 
tion on selected target materials is repeatedly carried 
5 out until there is produced a film laminate of Si0 2> Ti0 2 
or Zr0 2 on the substrate which is anti reflection. 

The film-forming apparatus 10 according to the in- 
vention is advantageous in that the film-forming zone 
)3\^A') at the sputtering electrode, 13 : (14) shielded as 

10 at 20,(21 ) against intrusion of the reactive or oxygen gas 
from the oxygen supply bottle 32 which would otherwise 
adversely affect the rate o1 sputtering., and the plasma 
exposure zone 30 at the RF discharge chamber 16 is 
likewise shielded as at 31 against entry of the sputtering 

15 gas from the sputtering gas supply bottle 22,(23), the 
respective gases being separately withdrawn via vacu- 
um pump 35 (Figure 2). The arrangement is effective 
particularly where a plurality of sputtering targets are 
provided in close vicinity. The inventive apparatus 10 is 

20 further advantageous in that the sputtering discharge 
and the reactive gas inductive coupling discharge are 
independently controllable without mutual interference 
to ensure stability of discharge and freedom from acci- 
dents and also in that the RF coils 17 at the plasma 

25 source 1 5 are disposed externally of the system so as 
to prevent possible pollution of the vacuum tank 11 . The 
apparatus 10 contrary to the Kaufmann ion gun system, 
can dispense with the necessity of filaments, screen 
electrodes, suppressor electrodes, neutralizers and oth- 

30 er equipment components and hence can be built rela- 
tively simple and compact. 

The above film-forming operation according to the 
invention was conducted under the following conditions: 

35 (1) Target: Silicon (Si) 
Feed Power: 3.6 kw 

Substrate Temperature: room temperature 
Substrate Holder Drive: 100 r.p.m. 
Shielded Zone Pressure: 0.27 Pa (2.0 x 10' 3 Torr) 
40 Ultra-thin Film Thickness: 2 - 6 angstroms 

(2) Target: Zirconium (Zr) 
Feed Power: 1.9 kw 

Substrate Temperature: room temperature 
Substrate Holder Drive: 100 r.p.m. 
Shielded Zone Pressure: 0.66 Pa (5.0 x 10' 3 Torr) 
Ultra-thin Film Thickness: 1 - 4 angstroms 

(3) Reactive Gas Plasma: Oxygen (0 2 ) 
Feed Power: 1 kw 

Pressure: 0.19 Pa (1.4 x 10' 3 Torr) 

50 

Having thus described the invention, it will be obvi- 
ous to those skilled in the art that changes or modifica- 
tions may be made in the specific form and construction 
of the above film-forming apparatus without departing 
55 from the scope of the appended claims. 
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Claims 

1. A process of forming films of metallic compounds 
which comprises a first step of sputtering a metal or 
a metallic compound target to form an ultra-thin film 
over a substrate in a film-forming zone (1 3\ 1 4') and 
a second step of transforming said ultra-thin film of 
metal into that of a metallic compound by exposure 
to plasma of a reactive gas in a plasma exposure 
zone (30) characterized in that said film-forming 
zone is shielded against entry of reactive gas from 
said plasma exposure zone, said plasma exposure 
zone is shielded against entry of sputtering gas from 
said film-forming zone, and said first and second 
steps are alternated repeatedly until the resultant 
film is finished to a desired thickness. 

2. A process according to claim 1, characterized in 
that said target is selected from materials of the 
group consisting of aluminum, titanium, zirconium, 
niobium, tin, chromium, tantalum, iron, silicon, tel- 
lurium, nickel-chrome and indium-tin. 

3. A process according to claim t or 2, characterized 
in that said reactive gas is selected from the group 
consisting of oxygen, ozone, N 2 0, nitrogen and 
acetylene. 

4. A process according to any one of claims 1 -3, char- 
acterized in that said plasma is generated by an 
induction coupled plasma generator (15). 

5. An apparatus for forming films of metallic com- 
pounds which comprises a vacuum tank (1 1 ), a sub- 
strate holder (1 2) rotatably mounted therein, a sput- 
tering electrode means (1 3, 1 4) carrying a metal or 
metallic compound target (26, 27) thereon and de- 
fining a film-forming zone (13\ 14') for forming a 
sputtered ultra-thin film over a substrate and an in- 
duction coupled plasma generator (15) generating 
a reactive gas plasma and defining a plasma expo- 
sure zone (30) to which said sputtered ultra-thin film 
is exposed, characterized in that there is provided 
a shield (20, 21), which surrounds laterally said tar- 
get into close proximity to said rotatable substrate 
holder (12) for preventing the reactive gas from en- 
tering said film-forming zone (13\ 14'), and another 
shield (31 ) : which surrounds laterally the generated 
reactive gas plasma and extends into close proxim- 
ity to said rotatable substrate holder (12) for pre- 
venting sputtering gas from entering said plasma 
exposure zone (30). 

6. An apparatus according to claim 5 S arranged to ef- 
fect alternate sputtered film formation and exposure 
of the sputtered film to a reactive gas plasma in a 
repeated cycle of operation. 



7. An apparatus according to claim 5 or 6, character- 
ized in that a pair of said sputtering electrode 
means (13, 14) are disposed in confronting relation 
to each other diametrically across said rotatable 
5 substrate holder (12). 



Patentanspruche 

io 1. Verfahren zur Ausbildung dunner Schichten aus 
metallischen Verbindungen, bei welchem in einem 
ersten Schritt ein Target aus Metall oder einer me- 
tallischen Verbindung zum Ausbilden eines ultra- 
dunnen Films uber einem Substrat in einer Film- 

is Ausbildungszone (13\ 14') gesputtert wird, und in 
einem zweiten Schritt der ultra-dunne Film aus Me- 
tall in denjenigen aus einer metallischen Verbin- 
dung durch Aussetzen an ein Plasma aus einem re- 
aktiven Gas in einer Plasmaaussetzungszone (30) 

20 umgewandelt wird, dadurch gekennzeichnet, daft 
die Film-Ausbildungszone gegen den Eintritt von 
reaktivem Gas aus der Plasmaaussetzungszone 
abgeschirmt ist, die Plasmaaussetzungszone ge- 
gen den Eintritt von Sputtergas aus der Film-Aus- 

25 bifdungszone abgeschirmt ist. und der erste und der 
zweite Schritt wiederholt abgewechselt werden, bis 
der resultierende Film bis auf eine gewunschte Dik- 
kefertiggestellt ist. 

30 2. Verlahren nach Anspruch 1, dadurch gekennzeich- 
net, daG das Target aus Materialien der Gruppe 
ausgewahlt wird, die aus Aluminium, Titan, Zirconi- 
um, Niob, Zinn, Chrom, Tantal, Eisen, Silizium, Tel- 
lurium, Nickel-Chrom und Indium-Zinn besteht. 

35 

3. Verfahren nach Anspruch 1 oder 2. dadurch ge- 
kennzeichnet: daf3 das reaktive Gas aus der Grup- 
pe ausgewahlt wird, die aus Sauerstoff , Ozon, N 2 0 : 
Stickstoft und Acetylen besteht. 

40 

4. Verfahren nach einem der Anspruche 1 bis 3, da- 
durch gekennzeichnet, da(3 das Plasma mittels ei- 
nes induktionsgekoppelten Plasmagenerators (15) 
erzeugt wird. 

45 

5. Vorrichtung zum Ausbilden von Filmen aus metalli- 
schen Verbindungen, welche einen Vakuumbehal- 
ter (11), einen darin drehbar angeordneten Sub- 
strathalter (12), ein Sputterelektrodenmittel (13, 

50 14), das ein Target (26, 27) aus Metall oder einer 
metallischen Verbindung darauf tragt und eine Film- 
Ausbildungszone (1 3\ 1 4') zum Ausbilden eines ge- 
sputterten ultra-dunnen Films uber einem Substrat 
definiert, und einen induktionsgekoppelten Plasma- 

55 generator (15) auf weist, der ein Plasma aus reakti- 
vem Gas erzeugt und eine Plasmaaussetzungszo- 
ne (30) definiert, welcher der gesputterte ultra-dun- 
ne Film ausgesetzt wird, dadurch gekennzeichnet, 
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daft eine Abschirmung (20, 21 J vorgesehen ist, wel- 4. 
che das Target in unmittelbarer Nahe zu dem dreh- 
baren Substrathalter (12) lateral umgibt, um das re- 
aktive Gas am Eintreten in die Film-Ausbildungszo- 
ne (13', 14') zu hindern, und eine weitere Abschir- 5 
mung (31 ) vorgesehen ist, die das erzeugte Plasma 5. 
aus reaklivem Gas lateral umgibt und sich in unmit- 
telbare Nahe zu dem rotierbaren Substrathalter 
(12) erstreckt, um das Sputtergas am Eintreten in 
die Plasmaaussetzungszone (30) zu hindern. io 

6. Vorrichtung nach Anspruch 5, die zum abwechseln- 
den Bewirken einer Sputterfilmausbildung und Aus- 
setzung des Sputterfilms an ein Plasma aus reakti- 
vem Gas in einem wiederholten Betriebszyklus aus- is 
gelegt ist. 

7. Vorrichtung nach Anspruch 5 Oder 6, dadurch ge- 
kennzeichnet, daG ein Paar der Sputterelektroden- 
mittel (13, 14) zueinander in gegenuberstehender 20 
Beziehung diametral uberden rotierbaren Substrat- 
halter (12) angeordnet ist. 



Revendications 25 

1. Procede de formation de couches de composes 
metalliques qui comprend une premiere etape de 
pulverisation cathodique d'une cible de metal ou 
d'un compose metallique pour former une couche 30 
ultramince sur un substrat dans une zone de forma- 6. 
lion de couche mince (1 3', 1 4') et une seconds eta- 
pe de transformation de ladite couche ultramince 

de metal en celle d'un compose metallique par ex- 
position a un plasma d'un gaz reactif dans une zone 35 
d'exposition au plasma (30), caracterise en ce que 
ladite zone de formation de couche est protegee 7. 
contre I'entree de gaz reactif en provenance de la- 
dite zone d'exposition au plasma, ladite zone d'ex- 
position au plasma est protegee contre I'entree de 40 
gaz de pulverisation cathodique en provenance de 
ladite zone de formation de couche, et lesdites pre- 
miere et seconde etapes sont repetees en aiternan- 
ce jusqu'a ce que la couche resultante soit finie a 
une epaisseur souhaitee. 45 

2. Procede selon la revendication 1 , caracterise en ce 
que ladite cible est selectionnee a partir de matieres 
du groupe constitue par I'aluminium, le titane, le zir- 
conium, le niobium, retain, le chrome, le tantale, le 50 
let le silicium, le tellure : le nickel-chrome et retain 
dope a I'indium. 

3. Procede selon la revendication 1 ou 2 : caracterise 

en ce que ledit gaz reactif est selectionne a partir 55 
du groupe constitue par I'oxygene, ('ozone, le N 2 0, 
I'azote et I'acetylene. 



Procede selon Tune quelconque des revendications 
1 a 3, caracterise en ce que ledit plasma est produit 
par un generateur de plasma couple par induction 
(15), 

Appareillage de formation de couches de compo- 
ses metalliques qui comprend un reservoir a vide 
(1 1 ), un support de substrat (12) monte de maniere 
rotative en son sein, des moyens formant electrode 
de pulverisation cathodique (13, 14) portant une ci- 
ble de metal ou de compose metallique (26, 27) sur 
ces derniers et definissant une zone de formation 
de couche (13', 14') pour former une couche ultra- 
mince pulverisee sur un substrat et un generateur 
de plasma couple par induction (15) produisant un 
plasma de gaz reactif et definissant une zone d'ex- 
position au plasma (30) au niveau de laquelle ladite 
couche ultramince pulverisee est exposee, carac- 
terise en ce qu'il existe une protection (20, 21), qui 
entoure ladite cible de facon laterale en etroite 
proximite dudit support de substrat rotatif (12) pour 
empecher le gaz reactif de penetrer dans ladite zo- 
ne de formation de couche (13', 14'), et une autre 
protection (31), qui entoure de facon laterale le 
plasma de gaz reactif produit et qui s'etend en etroi- 
te proximite dudit support de substrat rotatif (12) 
pour empecher le gaz de pulverisation cathodique 
de penetrer dans ladite zone d'exposition au plas- 
ma (30). 

Appareillage selon la revendication 5, concu pour 
effectuer en alternance une formation de couche 
pulverisee et une exposition de la couche pulveri- 
see a un plasma de gaz reactif dans un cycle repete 
de fonctionnement. 

Appareillage selon la revendication 5 ou 6, carac- 
terise en ce que deux dits moyens formant electro- 
de de pulverisation cathodique (1 3, 14) sont dispo- 
ses de maniere diametralement opposee i'un par 
rapport a l'autre ! de part et d'autre dudit support de 
substrat rotatif. 
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FIG.2 
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